Background: Hospital-based registries provide a key contribution in assessing the quality of care in acute myocardial infarction (MI) patients, although some concern on selection bias of included cases has recently arisen. We investigated the feasibility of a retrospective, population-based registry of MIs in monitoring the quality of care. Methods: We identified all the hospitalizations with a diagnosis of acute MI among 35-79 years old residents in the Varese province, Northern Italy, in [2007][2008]. Information needed to define performance according to the American Heart Association set was extracted from hospital case histories. To characterize our approach, we focus on data completeness for critical event times and eligibility criteria, and on the analysis of ST-elevated MI (STEMI) patients according to received reperfusion treatment. Results: Exact time of hospital admission and of percutaneous coronary angioplasty (PCI) procedure was available in 96% and 77% of MIs, with no difference between non-transferred (n = 1399) and inter-hospital transferred (n = 300) patients. Data completeness for eligibility to action/treatment criteria was >90% for each performance measure except statin prescription at discharge (76%). About 45% of STEMI experienced a delay in PCI-capable hospital arrival, and only one every three ST-elevated MI patients received primary PCI; these were more likely to be younger male cases with less comorbidities than un-treated patients. Conclusions: Complementary to clinical registries, the retrospective population-based is a feasible approach which allows monitoring the entire pattern of care of all hospitalized MI patients independent of their clinical characteristics.
Introduction
Cardiovascular disease accounts for about one-third of deaths worldwide [1] , with a total estimated cost in the USA of $312 billion, exceeding by about 40% the total cost for cancer diagnosis and treatment [2] . Not surprisingly, health administrators and insurances are interested in monitoring healthcare performance and outcomes through standardized indicators obtained from reliable data. Hospital-based registries of acute myocardial infarction (MI) patients are currently considered the reference standard in documenting how patients are treated relative to best practice recommendations outside the ideal world of clinical trials [3] . These registries have been set-up in the USA [4] [5] [6] , in Europe and UK [7, 8] and the GRACE registry has extended the same approach in a multinational project enrolling MI patients in three different continents [9] .
Some concern has arisen lately on the validity of these registries since selection bias; it has been reported that two registries included MI cases at lower risk than MI cases in the reference population [10] [11] [12] [13] . Moreover, these registries often do not include in the performance reports the patients experiencing either a delay in hospital arrival or an inter-hospital transfer during the acute phase, making it difficult to monitor the entire process of acute care [8, 14] . These restrictions may constitute key limitations when these registries are used for public health planning [15] or for outcome research [16] , calling for alternative approaches.
Population-based registries provided an enormous contribution to cardiovascular diseases epidemiology. The methodological approach in these registries is to utilize consolidated administrative databases as sources of event identification and obtain clinical details via case note abstraction ('cold-case pursuit [17] '). In an acute condition such as the myocardial infarction, the retrospective study design mitigates against selection bias since all hospitalized cases with a discharge diagnosis of MI are included [18] and it may provide longitudinal data on the patient. Challenging aspects to this approach are the completeness of data collection, since information on quality of care is retrospectively extracted from case records, as well as timing in final results availability. Recently, a population-based approach has been shown to be feasible to describe quality of cancer care [19] .
In this methodological paper, we aim to evaluate the feasibility of monitoring the quality of care in hospitalized acute MI events using a population-based registry established in the Province of Varese, Northern Italy. We focus on the data completeness for critical event times and eligibility to action or treatment criteria. In addition, we characterize all patients being discharged with a diagnosis of ST-elevated MI (STEMI), including those experiencing a delay in hospital arrival or an intra-hospital transfer, to document the importance of monitoring the entire process of care.
Methods

Study setting and event identification
The MI CAMUNI (CArdiovascular Monitoring Unit in Northern Italy) Register is a population-based registry of MI events occurred to 35-79-years-old residents in the Varese Province in 2007-2008, extending the WHO MONICA MI Register established in the nearby Brianza since 1985 [20] . The Varese Province is located in the Lombardia Region between Milan and the Swiss border. Since the clinical performance measures are referring to the in-hospital setting, for the purpose of the present report we focus on hospitalized cases. The data source for the in-hospital events was the Regional Hospital Discharge Diagnoses (HDD) database. Selection criterion was the presence of an ICD-9 410.xx (except 410.x2) as main discharge diagnosis. The HDD database is an administrative healthcare archive held mainly for hospital reimbursement, with no detailed clinical information on the patients. Being based upon a retrospective data collection, the register did not need a formal approval by an Institutional Review Board.
Data collection
Case reports of selected hospitalizations were reviewed by trained medical personnel to extract relevant information to assess performance: patient demographics, clinical features (symptom-onset time, first medical contact details, initial ECG, hospital arrival, out-ofhospital cardiac arrest, symptoms and cardiac markers), in-hospital management (aspirin at arrival, fibrinolysis, percutaneous coronary angioplasty (PCI), left ventricular systolic function evaluation), clinical reasons for not performing or delaying a treatment, previous history of MI and cardiovascular disease risk factors (smoking status, diabetes, hypertension and family history of MI), drug treatment at admission and at discharge. Approximate event time was collected when it was the only available information (i.e. time between symptoms onset and hospital arrival less than 12 h). The study personnel received a study manual and periodical training during the 12-month data collection period; a few meetings were dedicated to discuss controversial cases. During data collection, data quality checks were carried out to detect missing values and data inconsistency. All data violations were solved and missing values confirmed whenever information was not present in the case history. A final data quality assessment is available online [21] .
Definition of acute MI events
Hospitalizations due to non-acute (elective) interventions such as coronary angiography or coronary artery bypass grafting were excluded (n = 83). Consecutive hospitalizations on the same patient due to hospital transfer were considered as one acute MI event (n = 39, of which 17 within the first 24 h). Access to the Emergency Department of one hospital followed by transfer to another study hospital was considered as transferred event. Each event ends with either the patient's death, transfer to another hospital for elective interventions or rehabilitation, or discharge to home.
Definition of quality of care
Quality of care was assessed according to the American Heart Association performance measures [22] , which quantitatively detail the adherence to treatment guidelines during the acute phase of the event (aspirin administration at arrival, reperfusion treatment for STEMI patients), the hospital stay (LDL-cholesterol assessment, evaluation of left ventricular systolic function), and at discharge (secondary prevention: drug prescription, smoking cessation advice, patient's referral to cardiac rehabilitation). Performance measures were expressed as either (i) proportion of patients treated according to guidelines relative to those eligible for action/treatment; or (ii) timeliness of reperfusion therapy (median time to fibrinolysis/PCI) among re-perfused STEMI patients. Each indicator requires to define the 'eligible population', i.e. those who should have been treated according to guidelines excluding subjects with specific contraindications to action/treatment (allergy for instance) or other non-medical reasons leading to ineligibility. The complete list of performance measures and eligibility criteria is provided as Supplementary Table 1 . It is worth noting that since our approach allowed collecting data at all hospital facilities for transferred patients, there was no need to exclude these patients in calculating the quality of care measures, including aspirin treatment at arrival and door-to-needle and door-to-balloon times.
Statistical analysis
Data completeness was presented as the prevalence of missing data on (i) critical date/times, for transferred and not transferred events; and (ii) on eligibility criteria for each performance measure. In addition, we compared clinical and demographic characteristics of four categories of STEMI patients: late hospital arrival (>12 h of symptoms onset); arrival within 12 h but in a non-PCI capable hospital; arrival within 12 h to a PCI-capable hospital but not receiving primary PCI; arrival to a PCI-capable hospital within 12 h and receiving primary (i.e. within 24 h of hospital arrival) PCI. Categories have been defined following clinical eligibility to primary PCI treatment [22] . The order of presentation corresponds to an increasing likelihood of the patients to be represented by clinical registries, the first category being always excluded and the last satisfying inclusion to procedural registries of PCI patients. Major demographic and clinical characteristics were summarized as mean (standard deviation) or proportion. We tested the null hypothesis of no difference among the groups using an analysis of variance or a chi-square test for continuous and categorical variables, respectively. All the analyses were conducted using SAS software version 9.4.
Results
Characteristics of the study population
From the Regional Hospital Discharge Diagnoses (HDD) database, we identified n = 1830 hospitalizations with a diagnosis of 410.xx at discharge in one of the 11 hospitals in the study area (one university hospital and four PCI referral facilities) occurred to residents in the Varese Province (Fig. 1 ). We were able to access 1821 of the 1830 hospital clinical records (99.5%), corresponding to 1699 acute MI events after the case history review (Fig. 1) . The patients had an average age of 64.6 years (SD: 10.6 years); 72% of them were men; 17% (n = 300) were transferred from the Emergency Department of another hospital, 65% (n = 1098) had a discharge diagnosis of STEMI, and 3.7% (n = 63) died in hospital. Table 1 reports the percentages of available data for the entire sample and for transferred and non-transferred patients. Exact time of first medical contact and of hospital admission was available in 82% and 96% of patients, respectively, with no difference according to transfer status (P-values >0.5). For transferred events it was more difficult to establish the exact timing of symptoms onset (67% vs. 74% in non-transferred patients; P = 0.02). However, information on presentation time within 12 h of symptoms onset was available for 98% of all events, regardless of transfer status. The exact time of balloon inflation was available in 77% of STEMI patients that underwent PCI, with no difference according to transfer status (P = 0.3). Nevertheless, it was possible to establish whether a PCI occurred in the first 24 h of hospital arrival in all the patients, regardless of inter-hospital transfer. Finally, exact time of fibrinolysis had the highest prevalence of missing data (66%), especially so for treatment administered in the Emergency Department before inter-hospital transfer (56%: chi-square test P-value = 0.07). Table 2 details the proportion of missing data on eligibility criteria and on action/treatment for each performance measure. Missing data on the eligible criteria exceeded 10% for the 'statin prescription at discharge' measure, due to 23% of events with no LDL-cholesterol assessment during the hospital stay. More than 5% of missing data were observed for left ventricular systolic dysfunction (9.4%), lipid-lowering therapy as pre-arrival medication (8.3%), smoking status (7.4%) and Warfarin/Coumadin as a prearrival medication (7.4%; performance measure 'Aspirin at arrival'). The proportion of eligible MI events depends on the population of interest, ranging from 18% for ACE-inhibitor prescription for patients with left ventricular systolic dysfunction, to 100% for left ventricular function evaluation during the hospital stay. Finally, among eligible, the proportion of missing data on action/treatment was below 5% for all the indicators.
Data completeness
Comparison of STEMI patients groups
Patients' flow-chart and likelihood of receiving on-site primary PCI are presented in Fig. 2 . According to guidelines [23] , STEMI patients with a time from symptom onset to hospital arrival of less than 12 h and who presented to a PCI-capable facility (n = 600, 55% of all STEMI) are eligible for on-site primary PCI. Of these, 310 patients (28% of initial STEMI population) actually received treatment; the median door-to-balloon time was 78 min (interquartile range: 50, 136 min), and 58% were treated within 90 min. Patients treated with on-site primary PCI were 4 years younger, more likely to be men and smokers, and less likely to have a history of MI, diabetes and hypertension than those who did not receive any primary reperfusion therapy (Table 3 , columns (3) and (4); all P-values <0.05). In-hospital mortality was almost 4-fold larger among un-treated (8.5%) than among treated patients (2.3%; P = 0.001). Compared to patients experiencing either a delay in hospital arrival (column 1) or admitted to a non-PCI capable hospital (column 2), STEMI patients receiving primary PCI were younger (P = 0.01), less likely to have diabetes (P < 0.0001) and more likely to have used a prehospital medical service (P < 0.0001). Patients first admitted to a non-PCI capable hospital had twice the in-hospital mortality rate (5.1%) than treated patients. 
Discussion
In this paper, we document the feasibility and the importance of a population-based registry for monitoring the quality of care in hospitalized acute myocardial infarction patients, as defined by standard performance indicators [22] . Event selection was based on the main discharge diagnosis code 410.xx, which was shown to provide reliable data on acute myocardial infarction in Northern Italy; [24] we were able to review the case histories of 99% of selected cases.
Data completeness in hospital-based registries is an issue whenever missing data are related to event severity [11] . In our population-based registry, we were able to establish most of the critical date/time, including presentation time and primary PCI execution, in virtually all the events and regardless of initial transfer status. One PCI-capable hospital began to report exact PCI time only from 2008 onwards, contributing to the 23% of missing date/time of PCI intervention; however missing data was independent of the patient's characteristics including age, gender, presentation delay from symptom onset, prevalence of typical symptoms and in-hospital mortality (data not shown).
Eligibility criteria are essential to carefully define the subset of patients who should have been treated according to guidelines and thus Chi-square test P-value for testing a difference in data completeness according to transfer status. ultimately provide unbiased estimates of performance [22] . We were able to collect information on most of the eligibility criteria, as documented in the Supplementary Table 1 . Although it is difficult to compare the prevalence of eligible patients in different contexts, the prevalence of smokers, aspirin allergy and left ventricular systolic dysfunction in our study was similar to other reports in Italy [25] and the USA [14] . Missing data on eligible criteria were mostly due to either lack of information on pre-arrival medication (for ASA at arrival and LDL-cholesterol assessment performance measures) or no risk evaluation during the hospital stay (no LDL-cholesterol assessment, no left ventricular systolic function evaluation). Patients may not receive an LDL-assessment because they are considered at high risk [26] and thus fulfill the treatment indication (83% prevalence of statin prescription at discharge in our registry in this group, compared to 90% in the group with LDL-cholesterol >100 mg/dl and 77% in patients with LDLcholesterol <100 mg/dl).
Implications
Quality of care assessment as defined by core hospital performance measures is undertaken mostly within a hospital-based perspective which often excludes the reporting of patients transferred during the acute event phase, as well as of patients with a late hospital presentation [8, 14, 27] . In our registry, the median door-to-balloon time for STEMI patients admitted to a PCI-capable facility within 12 h of symptoms onset was 78 min, similar to what reported by procedural registries in the same period in Italy [25] . These patients were comparable to the average patient profile in the PCI procedures registry active in the Lombardia region during the same time span: mean age 63 years, 77% men, 15% with diabetes and 40% admission through the Emergency Medical System [28] . However, as documented by Fig. 2 and Table 3 , they are the expression of a care pathway which selects only 28% of initial STEMI patients: any further improvement in door-to-balloon Figure 2 Patients' flow-chart and likelihood of receiving reperfusion treatment, and median door-to-balloon time (interquartile range) for STEMI patients who arrive in a PCI-capable hospital within 12 h of symptoms onset. The CAMUNI registry. Patients' selection was made according to reference [22] for door-toballoon time in patients receiving on-site PCI within the first 24 h of hospital arrival (primary PCI). 'Door' time is the arrival at the emergency department. *n = 16 MI events with no information on time of symptoms onset. time will affect less than 1 patient out of 3. About 44% of STEMI patients, in particular older women with comorbidities and patients less likely to access to the pre-hospital medical service, experienced either a delay in hospital presentation or a first arrival to a non-PCI capable hospital. A further 18% of STEMI patients arrived to a PCI-capable hospital within 12 h of symptoms onset, but did not receive primary PCI. These were on average 4 years older; were more likely to have comorbidities (history of MI, diabetes, hypertension); and experienced an in-hospital mortality rate almost four times higher than treated patients. By design, clinical and procedural registries are not feasible to quantify nor to appropriately monitor the patients' selection which affects the care process: in a systematic review of 129 published papers from 77 clinical registries, only 3% were aware of the possibility of selection bias [12] . The advantage of the retrospective approach is to allow a comprehensive evaluation of the entire acute care pathway, providing additional information that stakeholders and decision makers can use in an integrated disease management plan [29, 30] . The proportion of STEMI patients who arrive in a PCI-capable hospital within 12 h of symptoms onset can be an exemplification. First, the retrospective approach can be used to identify population subgroups (the elderly, women) to be targeted by specific interventions to increase symptoms awareness and facilitate the use of pre-hospital medical service. Then, the process indicator can be monitored by extending the registry over time. Finally, through record linkage to external data such as the routine mortality database or the hospital discharge records, it is possible to assess the efficacy of the intervention in the reduction of rehospitalizations and mortality.
Current limitations and future improvements in study design
The study design might be improved by considering a weighted sampling of cases to reduce duration and costs of data collection, by improving the timeliness of findings availability. Data completeness depends on case histories, and might vary in other settings. Based on our previous experience on epidemiological registries, we fixed an upper age limit at 79 years due to the fact that collecting reliable data on older patients is very challenging within our system. Moreover, we limited our registry to residents in the Varese Province only (i.e. non-residents cases were excluded). Residency is a standard inclusion criterion for many epidemiologic registries. Based on our data, non-residents cases were on average younger than residents (63.6 vs. 64.9 years old at hospital admission) and many performance measures are associated with the patient's age [31, 32] . Therefore this choice is not recommended in future studies but it is not likely to have affected our study implications due to the study design.
Conclusions
In conclusion, this study documented the feasibility and importance of a population-based registry to assess the quality of hospital management in acute MI patients. Complementary to clinical registries, the population-based approach allows monitoring of the entire acute care process, providing incremental valuable information for public health planning and resources allocation strategies.
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